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METHOD FOR TRANSMITTING SIGNALS BETWEEN A FIRST AND A SECOND 
RADIO STATION, AND RADIO STATION 

Prior Art 

The invention is based on a method for transmitting 
signals between a first radio station and a second radio 
station, and on radio stations, as generically defined by the 
preambles to the independent claims. 

From German Patent Application Serial No. 198 18 215, a 
method for transmitting signals between a base station and a 
plurality of mobile stations via radio channels is already 
known, in which the data from different mobile stations are 
expanded with different codes. A pre-equalization of the 
signals to be transmitted is performed in a modulator. 

If pre-equalized data signals are transmitted to a 
receiver via a multi-way transmission channel, then 
transmission errors can occur as a result of strong fading 
incursions* Fading is understood to mean amplitude 
fluctuations that can occur in multi-way reception of a 
transmitted signal. 

Advantages of the Invention 

The method and the radio stations according to the 
invention as defined by the characteristics of the 
independent claims have the advantage over the prior art that 
the pre-equalized signals are transmitted from a transmitter 
of the first radio station to a receiver of the second radio 
station via a plurality of radio channels. In this way, it 
is assured that at the second radio station, the reception of 
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pre-equalized signals will take place without any substantial 
amplitude incursion. 

By the provisions recited in the dependent claims, 
advantageous refinements of and improvements to the method 
5 and the radio stations of the independent claims are 
possible. 

It is especially advantageous that one pre-equalized 
signal at a time is transmitted by a plurality of antennas of 
the transmitter of the first radio station and via a 
respective radio channel to the receiver of the second radio 
station, wherein for each radio channel an estimate of an 
impulse response is ascertained in the first radio station, 
and a pre-equalization of the signal to be broadcast from the 
applicable antenna is performed as a function of the estimate 
of the impulse responses of the radio channels. In this way 
it is assured that the transmission of signals between the 
first radio station and the second radio station via a 
plurality of radio channels is taken into account in the pre- 
equalization. Thus even in transmission via a plurality of 
radio channels, equalization of the received signals in the 
second radio station can be dispensed with, thus saving 
effort and expense in the second radio station. 

An accurate estimate of the impulse response of the 
associated radio channel is obtained if a reference signal is 
25 transmitted from an antenna of the second radio station to 
the first radio station via the radio channels, and the 
estimate of the impulse response of the respective radio 
channel is derived from a reception of the reference signal 
in the first radio station via the respective radio channel. 

3 0 An equalization for multi-channel reception of signals 
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froia the first radio station in the second radio station is 
not even necessary, if, in a second embodiment, a pre- 
equalized signal broadcast by the transmitter of the first 
radio station is received by a plurality of antennas of the 
5 receiver of the second radio station each via a respective 

radio channel, and in the first radio station an estimate of 
a total impulse response of all the radio channels is 
ascertained, and a pre-equalization of the signal to be 
broadcast by the first radio station is performed as a 
10 function of the estimate of the total impulse response. Also 
in this way, for the pre-equalization of the signal to be 
broadcast from the first radio station, the multi-channel 

T?{ transmission between the first radio station and the second 

CO radio station is taken into account- 

; _ a 

15 §]= An accurate estimate of the total impulse response is 

«E possible by transmission of a respective reference signal 
M from the antennas of the second radio station to the first 
f\ radio station via the associated radio channel, and the 
*P= estimate of the total impulse response is derived from a 
2 0 1=; superimposed reception of the reference signals in the first 
p radio station. Pre-equalized signals transmitted from the 
^ first radio station to the second radio station then need 
merely be linearly combined in the second radio station and 
can subsequently be delivered to a demodulation without 

2 5 equalization. This saves effort and expense in the radio 

station as well. 

It is especially advantageous that each reference 
signal is multiplied by a coefficient as a function of the 
radio channel used for its transmission, and that in the 

3 0 linear combination of the received signals formed by the 

antennas of the receiver, each received signal is multiplied 
by the coefficient of the radio channel used for its 
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transmission. By a suitable choice of the coefficient, an 
alignment characteristic of the antennas of the second radio 
station in the direction of the first radio station can be 
achieved, so that a transmission of signals between the first 
5 radio station and the second radio station also requires less 
transmission power. 

A further advantage is that via further radio channels, 
signals are transmitted between the first radio station or 
the second radio station and further radio stations, wherein 
10 the data from different radio stations transmitted with the 
signals is expanded with different codes, and that the pre- 
j| equalization is performed in the modulator of the first radio 
CO station as a function of all the different codes and of the 
p: transmission properties of all the radio channels. m this 
15 =j| way, the pre-equalization can be further improved, so that 
4j even so-called inter-symbol interference (ISI) between 
^ r transmitted data symbols of one radio station and multiple 
Q access interference (MAI), that is, interference from other 
^ radio stations, can be taken into account in the pre- 
20 jjj equalization, so that even that kind of interference requires 
CS no equalization in the second radio station. 

Drawing 

Exemplary embodiments of the invention are shown in the 
drawing and described in further detail in the ensuing 

2 5 description • Fig. 1 shows the general layout of a mobile 
radio system or mobile telephone system; Fig. 2 is a block 
circuit diagram of a first embodiment for a first and second 
radio station; Fig. 3 shows a second embodiment for the first 
and second radio stations; and Fig, 4 shows a chronological 

30 flow chart of the method of the invention. 
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Description of the Exemplary Embodiments 

Fig. 1 schematically shows a radio cell of a cellular 
mobile telephone system or mobile radio system, with a first 
radio station 1 embodied as a base station, a second radio 
station 2 embodied as a mobile station, and further radio 
stations 3, also embodied as mobile stations. What is 
essential in this system is that an exchange of data always 
takes place only between the base station l and the mobile 
stations 2, 3, and no direct data exchange between the mobile 
stations 2, 3 is possible. Accordingly, the base station 1 
is also called a central station, while the base stations 2, 
3 are called peripheral stations. The exchange of data 
between the base station 1 and the mobile stations 2, 3 takes 
place by radio transmission. The radio transmission from the 
base station 1 to one of the mobile stations 2, 3 is called a 
downlink, while the data transmission from one of the mobile 
stations 2 , 3 to the base station 1 is called an uplink. In 
such a system, shown in Fig. 1, with a central or base 
station 1 and a plurality of peripheral or mobile stations 2, 
3, it must be defined how the data for the various mobile 
stations 2, 3 will be modulated, so that they can be detected 
separately in the receivers of the various mobile stations 2, 
3. The system of Fig. 1 involves what is known as a CDMA 
system (code division multiple access system) , in which for 
the data transmission a common frequency band is available, 
and the individual radio channels between the base station 1 
and the various mobile stations 2, 3 differ from one another 
in terms of a code with which the signal for the applicable 
mobile station 2, 3 is expanded. This kind of coding is not 
necessary, however, if besides the base station 1 there is 
only a single mobile station 2, 3 in the radio cell. Below, 
the case in which there are a plurality of mobile stations 2, 
3 in the radio cell along with the base station 1 will be 
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described. As a result of the expansion with the code, each 
signal that is to be exchanged between the base station 1 and 
a certain mobile station 2, 3 is distributed over the entire 
available spectrum. Each individual information bit to be 
5 transmitted is broken down into many small "chips". As a 

result , the energy of one bit is distributed over the entire 
frequency spectrum that is available to the CDMA system. In 
Fig. 2, a CDMA system is explained in greater detail in terms 
of a downlink transmission. Fig, 2 again shows the first 
10 radio station 1, embodied as a base station, and the second 
radio station 2, embodied as a mobile station. The base 
station 1 includes a first antenna 50. The second radio 
station 2 includes a third antenna 60 and a fourth antenna 
65. The first radio station l and the second radio station 2 
15 y thus exchange data via a first radio channel 20 and a second 
£3 radio channel 25. The first radio channel 20 describes a 
% transmission path between the first antenna 50 and the third 
fn antenna 60. 

%3t> 

^ The second radio channel 25 describes a transmission 

20 rki path between the first antenna 50 and the fourth antenna 65. 
g] The first radio station 1 includes a first modulator 4, which 
VI prepares the data streams from data sources 70 for 

transmission via the first radio channel 20 and the second 
radio channel 25. To that end, the first modulator 4 also 
25 requires code information, which is made available by a code 
generator 5. As an example, in Fig. 2 two arrows from the 
data sources 70 to the first modulator 4 and two arrows from 
the code generator 5 to the first modulator 4 are shown, 
which represent two different data streams, or two different 
30 items of code information, in an actual system, a 

substantially greater number of data streams and items of 
code information will be processed simultaneously. Prom the 
data streams and the code information, the first modulator 4 
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generates a transmission signal , which is transmitted to the 
second radio station 2 and the further radio stations 3. In 
Fig. 2, by way of example only the second radio station 2 is 
shown in the form of a receiving mobile station. If only the 
5 second radio station 2 were provided as a receiving mobile 
station in the radio cell to be supplied with a single data 
stream, then only one code information would be needed in the 
first radio station 1, However, as a rule, the first radio 
station 1 simultaneously transmits over corresponding radio 
10 channels to the further radio stations 3 as well, whose 

respective data are likewise modulated with various codes. 

□ For the sake of simplicity, these further radio stations 3 
are not shown in Fig. 2. 

UJ 

^ The code generator 5 generates codes as a function of 

15 %j selected radio connections to the mobile stations 2, 3. The 

□ data to be transmitted with the signals are expanded with 

]L these codes in the first modulator 4 « 

□ 

ft! In the transmission between the first radio station 1 

J- J and the second radio station 2, many instances of 
2 0 p interference occur. One kind of interference is called ISI 
(for inter-symbol interference) and occurs because a 
transmitted radio signal can reach the receiver over a 
plurality of different paths, and the arrival times at the 
receiver differ slightly. Hence this kind of interference in 

2 5 the affected radio channel is due to the fact that signals 

transmitted earlier interfere with signals being received at 
the moment (hence the term inter-symbol interference) . 
Another kind of interference is due to the fact that a 
plurality of data streams are transmitted simultaneously but 

3 0 differ only in terras of the code. This interference occurs 

when the base station 1 is in simultaneous radio contact with 
a plurality of mobile stations 2, 3, which is the rule in 
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modern mobile phone systems. Hence this kind of interference 
originates in the signals of different users and is therefore 
also lenown as MAI (for multiple access interference) . 

Fig. 2 also shows the receiving part of the second 
5 radio station 2, embodied as a mobile station, which is 
intended for receiving downlink data via the first radio 
channel 20 and the second radio channel 25. For this purpose 
a first demodulator 7 is provided, which processes the radio 
signals received via the third antenna 60 and the fourth 
10 antenna 65. The first demodulator 7 processes the received 
signals, so that from them it can generate a data stream for 
*;r a data user 8. If the transmitted data are speech 
jjjfj information, for instance, then the data user 8 is a speech 
1 UJ decoder; with other kinds of data, it is for instance a 
15 computer or a fax machine. As a rule, mobile stations have 
= |: only a single data user 8 and thus only a single data stream 
W as well. If the transmission via the first radio channel 20 
m and the second radio channel 2 5 were completely without 
Jf interference, then the first demodulator 7 for demodulation 
20 pj purposes would need merely to know the code information of 
p the data to be detected for the user 8. However, because of 
H the above-described kinds of interference, this is 

inadequate. A first channel estimator 11 is therefore 
provided in addition in the base station; it makes 
2 5 information about the transmission properties of all the 
radio channels between the base station 1 and the mobile 
stations 2, 3 available. The first modulator 4 then 
generates a transmission signal, which takes both the ISI and 
the MAI into account. The transmission signal in each case 
30 is designed such that each of the mobile stations 2, 3 upon 
reception receive an interference-free signal, as much as 
possible. Both the kinds of interference that are due to the 
simultaneous use of multiple codes and the kinds of 
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interference that arise from the transmission properties of 
the individual radio channels are taken into account. The 
receiver of the data, that is, the second radio station 2, is 
correspondingly of simple design as shown in Fig. 2. It has 
5 the first demodulator 7, which receives the signal of the 
third antenna 60 and the fourth antenna 65. The code 
information for the applicable data stream must also be made 
available to this first demodulator 7 by a further code 
generator 9, and from that the first demodulator 7 then 
10 generates the data stream for the data user 8. The second 
radio station 2 can thus be designed especially simply. 

J*J Fig. 2 has shown that in the downlink transmission, 

y advantageously all the kinds of interference in the radio 
* £) channels 20, 25 in the transmitting stations are taken into 
15 account in the downlink transmission, or in other words in 
p the base station 1. The downlink part of the second radio 
* station 2 and of the further radio stations 3 can therefore 

be especially simple in design. To keep these mobile 
Til stations 2, 3 simple for the uplink path as well, or in other 
20 3* words for sending data from the applicable mobile station 2. 
u, 3 to the base station 1, a method in accordance with the 
article by A. Klein, G. K. Kaleh and P. W. Beier, entitled 
"Zero forcing and minimum mean-square-error equalization for 
multi user detection in code-division-multiple-access 
25 channels", IEEE Trans, vehic. Tech., vol. 45 (1996), pages 
276-287, could be used; in this method, the ISI and the MAI 
are taken into account in the receiving station, or in other 
words again in the base station 1. To that end, the first 
channel estimator 11 would then be connected in addition to 
3 0 the second demodulator 75. In this way, a system becomes 
possible in which the mobile stations 2, 3 are especially 
simple in design, since the ISI and MAI are taken into 
account solely in the base station l. In a corresponding TDD 
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system (time division duplex system) , in which the downlink 
transmission and the uplink transmission take place in 
adjacent slots in the same frequency band, it is also very 
easily possible to obtain the channel transmission properties 
by means of the first channel estimator 11 in the base 
station 1, because the properties of the applicable 
transmission channels can be ascertained by evaluation of the 
received uplink data in the base station 1. The 
corresponding channel impulse response or channel quality can 
also be transmitted from the applicable mobile station 2, 3 
to the base station 1 by means of a data telegram. 

If only a single radio channel is used for the 
transmission from the first radio station 1 to the second 
radio station 2, then despite the pre-equalization of the 
signal to be transmitted in the first radio station 1, 
amplitude incursions of the corresponding received signal can 
occur in the second radio station 2. The amplitude 
fluctuations, also known as fading, of the signal received in 
the second radio station 2 result from multi-path reception 
or radio obstruction when the second radio station 2 embodied 
as a mobile station is in motion, for instance in the 
vicinity of buildings. To prevent the amplitude fluctuations 
caused by multi-way reception, the transmission between the 
first radio station 1 and the second radio station 2 takes 
place via the two radio channels 20, 25. This will be 
described in further detail below in conjunction with Fig* 2, 
The first radio channel 2 0 forms a transmission path between 
the first antenna 50 and the third antenna 60, and the radio 
channel 25 forms a transmission path between the first 
antenna 50 and the fourth antenna 65, If on one of the two 
transmission paths an amplitude incursion of the signal 
transmitted over this transmission path occurs, then the 
signal can still be received with adequate amplitude in the 



second radio station 2 by way of the other one of the two 
transmission paths. 

The first radio station l also includes a first 
transceiver 30, which includes an antenna switch and 
optionally a transmission/reception amplifier, and a second 
demodulator 75* The first antenna 50 is a 

transmitting/receiving antenna, so that the antenna switch in 
the first transceiver 30 serves to switch back and forth 
between the transmission and reception directions. In the 
transmission direction , the antenna switch of the first 
transceiver 30 connects the first modulator 4 to the first 
antenna 50. In the reception direction, the antenna switch 
of the first transceiver 3 0 connects the first antenna 50 to 
the second demodulator 75, which demodulates the received 
signals and sends them on to one or more data sinks. The 
received signals delivered to the second demodulator 7 5 are 
also delivered to the first channel estimator 11, which 
ascertains an estimate of a total impulse response of the two 
radio channels 20, 25 between the first radio station 1 and 
the second radio station 2 and sends this estimate on to the 
first modulator 4. The pre-equali2ation of the signal to be 
broadcast by the first antenna 50 of the first radio station 
1 is then done in the first modulator 4 as a function of the 
estimate of the total impulse response. In the second radio 
station 2, the third antenna 60 is connected to a third 
transceiver 40, and the fourth antenna 65 is connected to a 
fourth transceiver 45. The third antenna 60 and the fourth 
antenna 65 are again each embodied as a 
transmitting/receiving antenna, so that in the third 
transceiver 40 and the fourth transceiver 45 there is each 
one antenna switch , to enable switching over between the two 
transmission directions. The second radio station 2 includes 
a second modulator 6, which in the case of transmission is 
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connected via the applicable antenna switch of the third 
transceiver 40 and the fourth transceiver 45 to both the 
third antenna 60 and the fourth antenna 65. In the case of 
reception , the applicable antenna switch of the third 
5 transceiver 40 and the fourth transceiver 45 connects the 
third antenna 60 and the fourth antenna 65 to the first 
demodulator 7, via an addition member 80. Before the 
addition of the two received signals by the addition member 
80, the received signal furnished by the third transceiver 4 0 
10 is multiplied by a first coefficient c 1 , and the received 

signal furnished by the fourth transceiver 4 5 is multiplied 
by a second coefficient c 2 . Conversely, in the case of 
**! transmission, transmitted data delivered to the second 
m modulator 6 are multiplied, after their modulation in the 
15 IU second modulator 6, on the one hand by the first coefficient 
c 1 and delivered to the third antenna 60 via the third 
III transceiver 40, and on the other are multiplied by the second 
U coefficient c 2 and delivered to the fourth antenna 65, via 
J a| the fourth transceiver 45. 

2 0 iU By a suitable choice of the coefficients c,, c 5 , a 

Tz : it 

„«j directional effect or directional characteristic of the 
U signals to be broadcast or received by the third antenna 60 
and the fourth antenna 65 can be achieved, which is 
advantageously aimed at the first radio station 1. In this 

25 way, signal incursions from fading can also be counteracted. 

via the addition member 80, the received signals furnished by 
the third antenna 60 and the fourth antenna 65 are combined 
linearly and then delivered for demodulation in the first 
demodulator 7. The first coefficient c 1 is associated with 

30 the first radio channel 20, and the second coefficient c 2 is 
associated with the second radio channel 25. In the second 
modulator 6, reference signals can be formed, which after 
multiplication by the first coefficient c 1 or the second 
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coefficient c 2 are transmitted to the first radio station 1 
via the associated radio channel 2 0 , 25. The estimate of the 
total impulse response in the first channel estimator 11 is 
derived from the superimposed reception of the reference 
5 signals in the base station 1. 

In Fig. 3, the same reference numerals identify 
elements that are the same as in Fig* 2. Unlike Fig. 2, the 
first radio station 1 now has not only the first antenna 50 
but also a second antenna 55 while conversely the second 
10 radio station 2 includes only the third antenna 60. The 

first radio channel 20 in Fig. 3 now defines the transmission 
path between the first antenna 50 and the third antenna 60, 
gj and the second radio channel 2 5 defines the transmission path 
ui between the second antenna 55 and the third antenna 60* Thus 

15 ::J in Fig. 3, in the second radio station 2 only the third 

y i 

j; transceiver 40 is necessary, which in turn includes one 

w antenna switch for both of the possible transmission 

p % directions? this antenna switch on the one hand connects the 

4= second modulator 6 to the third antenna 60 and on the other 

20 H J connects the first demodulator 7 to the third antenna 60, as 

m 

a function of the transmission direction. The first radio 
H station 1, conversely, now includes in addition to the first 
transceiver 30 a second transceiver 35, which likewise 
includes an antenna switch that connects the second antenna 

25 55 to the first modulator 4 for transmission, and for 

reception connects it to the second demodulator 75 and also, 
via a second channel estimator 12, to the first modulator y. 
The second channel estimator 12 can additionally, as shown in 
Fig. 3, be connected to the second demodulator 75 as well, in 

30 order to eliminate ISI and MAI from the received signals . 

In this way, one pre-equalized signal each is broadcast 
by the first antenna 50 and the second antenna 55 and 
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transmitted via the first radio channel 20 and the second 
radio channel 25 f respectively, to the third transceiver 40; 
for the first radio channel 20, an estimate of its impulse 
response is ascertained in the first channel estimator 11, 
5 and for the second radio channel 25, an estimate of its 
impulse response is ascertained in the second channel 
estimator 12. The pre-ecjualization of the signal to be 
broadcast by the first antenna 50 is then performed in the 
first modulator 4 as a function of the estimate of the 
10 impulse response of the first radio channel 20 and the 

estimate of the impulse response of the second radio channel 
25 , and the pre-equalization of the signal to be broadcast by 
the second antenna 55 is performed in the first modulator 4 

lii as a function of the estimate of the impulse response of the 
15 Ul first radio channel 20 and the estimate of the impulse 

?!* response of the second radio channel 25. By the third 

antenna 60 of the second radio station 2, a reference signal 

£3 is transmitted to the first radio station 1, via the two 

L radio channels 20, 25 and the first antenna 50 and the second 

a. j. j: 

20 antenna 55. The estimate of the impulse response of the 
FU first radio channel 2 0 is "then derived in the first channel 
%l estimator 11 from the reception of the reference signal via 
Uk the first radio channel 20, and the estimate of the impulse 
response of the second radio channel 25 is derived in the 
25 second channel estimator 12 from the reception of the 
reference signal via the second radio channel 25. 

The pre-equalization of the signal to be broadcast by 
the first antenna 50 and by the second antenna 55 is done as 
a function of all the codes currently used in the radio cell 
30 of the first radio station 1 and as a function of the 

transmission properties of all the radio channels currently 
used there, which are ascertained in the two channel 
estimators 11, 12, This is also true for the exemplary 



embodiment: of Fig. 2, using only the first antenna 50 to 
broadcast signals from the first radio station 1, and using 
only the first channel estimator li- 
lt can also be provided that both the first radio 
5 station 1 and the radio station 2 are each equipped with two 
antennas, resulting in four radio channels that make even 
better protection against fading possible* In the first 
radio station 1 and the second radio station 2, it is also 
possible arbitrarily to use more antennas, so that an 
10 arbitrary number of radio channels can be set up between the 
first radio station 1 and the second radio station 2; as the 
P number of radio channels between the first radio station 1 
^ and the second radio station 2 increases, the influence of 

air 

• Id fading on the signal transmission decreases, 

0 

in 

15 |= It can also be provided that the pre-equalization be 

O done not in the base station 1 but in the mobile stations 2, 
l„ 3 in a corresponding way. The multi-channel transmission 
r « method between the base station 1 and the mobile stations 2, 
fll 3, which will hereinafter be called users, and in which the 
20 ~; transmission properties of all the radio channels (ISI) and 
the codes of all the radio channels (MAI) are taken into 
account, will be described below by mathematical formulas. 
These formulas can be realized either by means of a suitable 
program or suitable hardware modules that implement these 
25 formulas. 

Fig. 4 shows a chronological flow chart in TDD 
operation with pre-equalization. In a first step 100, the 
second radio station 2 sends reference signals for estimating 
the transmission properties of the two radio channels 20, 25 
30 to the first radio station 1. This channel estimation is 

performed in a second step 105 in the first radio station 1 
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after the reference signals have been received. Next, in the 
first modulator 4 of the first radio station l, a pre- 
equalization of the signals to be transmitted to the radio 
station 2 takes place in a third step 110. The pre-equalized 
signals are then received by the second radio station 2 in a 
fourth step 115 and require no further equalization there. 

As a first example, two-channel transmission between 
the first antenna 50 and the third antenna 60, or the fourth 
antenna 65, will be described in accordance with Fig* 2* The 
second radio station 2 is meant to represent one of a 
plurality of users* 

A discrete-time multiple transmission system with 
blockwise transmission is assumed* Let " (d ck> 1 / 
d m M ) , where k ™ 1, . . . , K, be the vector of the M data 
symbols, to be transmitted, of a data block of the k th user. 

£ = (d <1> , fl <lc> ) designates the summarization of all the 

data symbols to be transmitted* Let each of the K users be 
assigned a CDMA code £ <k) = (c (k) 1# c (k) Q ) , where k = 1, 

— , K, of length Q. By expanding the data bits, which are 
to be transmitted, with the CDMA codes, each bit is 
distributed to Q so-called chips* A chip clock period 
amounts to precisely l/Q of the bit clock period. With the 
code matrix 



C ik) « 



V )r o o r 

0 '\ 0 
{ 0 0 c<*> r J , 



£<iot transposed vector £ 



(k) 



of the k th user, the expansion of a data block of the k th user 
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can be written as; 



c (k> #s j<k>T K 



The entire block of M data bits is distributed among 
M»Q chips* Combining the chip clock signals of all the users 
yields 



and the matrix 



f e» o o 

0 \ 0 
^ 0 0 C (K) J 



summarizes the code matrixes of all the users. 

After the modulation, the signals are linearly pre- 
egualized according to the invention, tn Figs. 2 and 3, the 
steps of modulation and pre-equalization, which are handled 
mathematically separately here, are performed by the first 
modulator 4. Let the pre-equalization be written by means of 
the matrix P. The result is the transmission signal fi: 

- P«Od T . 

s reaches the k th user via the two radio channels 20 , 25 in 
the exemplary embodiment of Fig. 2. Let fc <k * l> = (h/*' 0 , 
h w (M) ) , where k *» 1, . K, and 1 = l, 2, represent the 
impulse responses of the two radio channels 20, 25 for the 
k th user with respect to the chip clock frequency. W is the 
number of chip clock periods over which a multi-way reception 



is taken into account. By means of the multi-way channel, 
the data blocks of the chip clock length M«Q are stretched 
out to M«Q+W-1 chip pulses. The last W-l chip card are 
superimposed on the first W-l chip card of the next data 
block. The demodulator of the k th user receives not only the 
multi-way signal per radio channel 20, 25 but generally also 
additive noise 

n <k.i> = (n <k « l> 1f . .., n^ 1 ^.,), where k - 1, . . . , K, and 
1-1, 2, of length M»Q+W-1. 



With the matrixes 



0 \ i 
0 0 h {kJ) w 



V 

M4 



£> = 



10 0 10 0 

0 \ o o ■•. 0 

^0 0 1 0 0 1 



'u-0 



M-QK 



the demodulator of the k th user of the system accordingly 
receives the two reception signals 

j.(k,DT „ H <k.l). D .p. c .£T +n CM)T^ 

where 1 = l, 2 and k - l, k. 

The matrix D adds up the pre-equalized chip clock 
signals of all the users, so that they can be broadcast via 
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an antenna. 

The two received signals E (k ' l) , where 1 =* 1, 2 and k ~ 
1, • K, are first linearly combined by the addition member 
80 to form 



10 CO 



_ Cia: ck,i> +CaC tit.«. 

A suitable demodulator of the k th user in accordance 
with Fig. 2 can be embodied as a simple "matched filter", 
which compresses the received chip clock signal with the CDMA 
code of the desired data signal. This "matched filter" 
receiver (1-finger rake receiver) for the k th user code £ <k) : 



tins' 



0 0 



\ 1 



0 



0 0 c<» T J 



>M Q+ PP- I 



demodulates the linearly combined received signals into 
[paste in German page 20, the line between lines 5 and 10] 



where R <k)H - conjugated complex transposed matrix R (k) 
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With the summarizations 



[paste in German page 20, bottom three equations] 
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R = 



(R m 0 0 
0 \ 0 
0 0 



0 



0 
0 



0 c,/f (XJ> +c 3 H iK - 2) j 



all the demodulated signals are received as a total vector: 
d = R" >H-D T D- P- C'd T + R H . B r 

The M»KxM*Q»K matrix R M «H*D T »D in general has the rank 
of M-K. Therefore (R M » H* D T » D) ♦ (R H »H» D T * D) is invertable, and 
the following is true: 

P = {R» H D T -D) H \{R" H D T D) {R H >H D T D)"Y d T ? (C-d r )" 

With this choice , the following becomes true 

d 7 =d T + R»*n T 

R H thus furnishes the transmitted data symbols fl T and 
10 additive noise. Despite the use of a very simple receiver , 
the detected signal contains neither ISI nor MAI , These 
kinds of interference are eliminated on the transmitter side 
by means of pre-equalization. 
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H can simply be estimated by the first channel 
estimator 11 of the first radio station 1. 

A reference signal £ <k) of the k th user, transmitted in 
the uplinlc transmission for channel estimation, is sent via 
5 the third antenna 60 in the form c 1 »fi (k> and via the fourth 

antenna 65 in the form c 2 «£ <k \ The base station 1 therefore 
receives the corresponding signal 

H (k.l> #Ci#E Ck) +H (ic,2) -C2 . n (k) s c l *H Ck ' 1) *£ <k >+C 2 *H <k ' 2) » E Ck > / 

p and estimates the total impulse response of the two radio 
10 \Q channels 20 , 25 of the k th user as fc <k> = c,* h <k ' 1) +c 2 * h (k < 2) . 

ti-.r 

h| 

0 Second, the method for signal transmission between the 

Uj base station 1 and the mobile stations 2, 3 will be described 
jt; in accordance with Fig. 3, in which the multi-channel 

transmission takes place between the base station 1 and each 
15 ^ of the mobile stations 2, 3 via two radio channels 20 , 25 
l|l each; transmission is done both between the first antenna 50 
Cii and the third antenna 60 and between the second antenna 55 
and the third antenna 60 in Fig. 3. 

Once again a discrete-time multiple transmission system 
20 with blockwise transmission is assumed. Let d (k) = (d <k) u 

d<k> H) ' where k = 1, . . . , K, be the vector of the M data 
symbols, to be transmitted, of a data block of the k th user. 

d. = (d. (1 \ d/ 10 ) designates the summarization of all the 

data symbols to be transmitted. Let each of the K users be 
25 assigned a CDMA code c <k > = (a ik \, c< k > Q ) , where k = 1, 

K, of length Q. By expanding the data bits, which are 
to be transmitted, with the CDMA codes, each bit is 
distributed to Q so-called chips. A chip clock period 
amounts to precisely l/Q of the bit clock period. With the 
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code matrix 



C (k) 



V* )r 0 0 ^ 
o \ 0 

, 0 0 c wT j 



_ transposed vector £ <k> 

of the k th user, the expansion of a data block of the k th user 
can be written as: 

c cio«3<iot # 

The entire block of M data bits is distributed among 
M»Q chips. Combining the chip clock signals of all the users 
yields 



summarizes the code matrixes of all the users. 

After the modulation, the signals are linearly pre- 
equalized according to the invention. In Figs. 2 and 3, the 
steps of modulation and pre-equalization, which are handled 
mathematically separately here, are performed by the first 
modulator 4. Let the pre-equalization be written by means of 



Od T 



and the matrix 




^ 0 



0 C W J 



the matrix p. 



The resultant transmission signals where 1 = 1, 2, 

of the first antenna 50 and the second antenna 55 are assumed 
to be summarized in a total signal vector a - S <2) ) , 

where : 

The total signal vector £ reaches the k th user via the 
two radio channels 20 , 25 in the exemplary embodiment of Fig. 
3. Let tf k ' i} « (h^* 0 , h„ ck ' l >), where k - 1 # K, and 

1 = 1, 2, represent the impulse responses of the two radio 
channels 20, 25 for the k th user with respect to the chip 
clock frequency. W is the number of chip clock periods over 
which a multi-way reception is taken into account. By means 
of the multi-way channel, the data blocks of the chip clock 
length M«Q are stretched out to M«Q+W-1 chip pulses. The 
last W-l chip card are superimposed on the first W-l chip 
card of the next data block. The demodulator of the k th user 
receives not only the multi-way signal per radio channel 20, 
25 but generally also the additive noise n <M> = (n <M) t , . . . , 
n(M) H.o* u -i> 9 where k = 1, mm K, and 1 - 1, 2, of length 
M»Q+w-l. 

With the matrixes 



0 



0 




0 



0 
0 



0 h M m) 



D = 



'D n 0 



0 D, 



M Q 



5Ui 

3:3 3 

o 



r l 0 0 1 0 0 »A 
0 '\ o o \ 0 
^0 0 1 0 0 1 



J J 



the demodulator of the k th user of the system receives the 
signal 

£ <k>T _ H (kf1) r H ck * 2) *D«P*C*d T +H <k * 1)T40 (k r 2)T' 

A suitable demodulator of the k th user in accordance 
with Fig. 3 can be embodied as a simple "matched filter" , 
which compresses the received chip clock signal with the CDMA 
code of the desired data signal. This "matched filter" 
receiver (1-finger rake receiver) for the k th user code £ (k> : 



( 0 0 0 



/?'*> = 



c< 4)r 0 
0 '•. o 

I 0 0 c^ T ) 



10 demodulates the received signal into 

where R (k)H = conjugated complex transposed matrix R ck> , 
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With the summarizations 



'* m 0 0 
0 '•. 0 

{ Q 0 R [K) ) 



r H™ 0 0 0 0 

0 0 0 \ 0 

0 0 H lKM 0 0 H {K - 7) 



3-(5 <U) +S (,,2) ,....2 (it,,, +« ( ^ > ) 



all the demodulated signals are received as a total vector: 

d = R H H>D T DPCd T + R k -n r 

The M» KxM»Q« K matrix R H <H»D T »D in general has the rank 
of M* K. Therefore (R H »H«D T »D)» (R H «H»D T »D) is invertable, and 
the following is true: 



P = {R H -H-D T D)" [(R H -H D T •D) {R r ' ■ H ■ D T > D)"]'* -d T - ^ * r|[ , -(C-rf 7 ) 



T\H 



\\c-4> 



With this choice, the following becomes true 



R" thus furnishes the transmitted data symbols d T and 
additive noise. Despite the use of a very simple receiver, 
the detected signal contains neither IS1 nor MAI. These 
kinds of interference are eliminated on the transmitter side 
by means of pre-equalization. 
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H can simply be estimated by the two channel estimators 
12 of the first radio station 1. 



